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Introduction
[bookmark: _Hlk505601228]At RAN2 #NR Ad hoc 1801, held on 22nd January – 26th January 2018, RAN2 has discussed issues on prioritized RACH access, and made below agreements
Agreements:
The following cases will apply prioritized RACH procedures (if configured)
1.    Handovers using contention-based access 
1. BFR recovery 
The set of parameters for prioritization include 
•	powerRampingStep and Backoff Parameter
Idle mode will not be discussed in Rel-15
According to above agreements, the prioritized RACH procedures are applicable to handover CBRA case and BFR recovery case. The set of parameters for prioritized access include powerRampingStep and Backoff Parameter. This contribution further discusses on how to configure and signal the RA parameters for prioritized RACH access on top of the above agreements.
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc505590714][bookmark: _Toc505591621][bookmark: _Toc505592317][bookmark: _Toc505592436][bookmark: _Toc505592501][bookmark: _Toc505592530][bookmark: _Toc505601554]RAN2 has agreed to use the same set of RA parameters with different values for BFR as that for normal RA events. This simplifies the MAC procedure. We think we should use the same principles for prioritized RA procedure. 
[bookmark: _Toc505601555][bookmark: _Toc505603838][bookmark: _Toc506040553][bookmark: _Toc506479127]Using the same set of RA parameters for prioritized RA procedure simplifies the MAC procedures.
[bookmark: _Toc505590737][bookmark: _Toc505591638][bookmark: _Toc505592032]Hence, we propose: 
[bookmark: _Toc506040545][bookmark: _Toc506213142][bookmark: _Toc506231811][bookmark: _Toc506232029][bookmark: _Toc506233035][bookmark: _Toc506233356][bookmark: _Toc505603841][bookmark: _Toc505603930][bookmark: _Toc505604157][bookmark: _Toc506479129]For prioritized random access procedure MAC uses the same parameter powerRampingStep as for non-prioritized random access procedure.
With respect to the backoff parameter, there is a UE variable PREAMBLE_BACKOFF defined, which takes the initial value 0 meaning no backoff is performed, and its value can be updated upon reception of a BI field in the RAR message. Similar to the parameter powerRampingStep, there is no need to define a new parameter or field in the RAR message for prioritized RA procedure. Instead the RA procedure can be kept simple by using the same UE variable with different value for prioritized RA procedure.
Hence, we propose: 
[bookmark: _Toc505603842][bookmark: _Toc505603931][bookmark: _Toc505604158][bookmark: _Toc506040547][bookmark: _Toc506213144][bookmark: _Toc506231813][bookmark: _Toc506232030][bookmark: _Toc506233036][bookmark: _Toc506233357][bookmark: _Toc506479130]For prioritized random access procedure MAC uses the same UE variable PREAMBLE_BACKOFF as for non-prioritized random access procedure.
The powerRampingStep parameter is signaled in the RACH-ConfigCommon, which is a cell-specific setting.  While the backoff parameter is signaled in the RAR message. To limit the possible changes on the current spec, we shall avoid to change the current signaling means on both parameters.
[bookmark: _Toc506479128]Use the same signaling means for prioritized random access as for non-prioritized random access.
To achieve different settings for prioritized random access, two scaling factors should be used; one is used for powerRampingStep, and named as powerRampingStepSf (with the value in the range {1, 1.5, 2, 3}), another one is used for backoff parameter, and named as backOffSf (with the value between 0 and 1).  We define detailed UE procedure as below:
1. For prioritized random access, the UE determines the power ramping step by multiplying powerRampingStepSf with the setting of powerRampingStep that is used for non-prioritized random access. For non-prioritized random access, the UE determines the power ramping step with the setting of powerRampingStep. 
2. For prioritized random access, the value of the UE variable PREAMBLE_BACKOFF is set to the received BI multiplied with the backOffSf. For non-prioritized random access, the value of the UE variable PREAMBLE_BACKOFF is set to the received BI.
The scaling factors can be configured using dedicated signaling. This is beneficial to achieve the UE level’s differentiation of RACH procedure.
[bookmark: _Toc506040548][bookmark: _Toc506213145][bookmark: _Toc506231814][bookmark: _Toc506232031][bookmark: _Toc506233037][bookmark: _Toc506233358][bookmark: _Toc506479131]The powerRampingStep used for prioritized random access procedure is determined as the powerRampingStep used for non-prioritized random access procedure multiplied with a scaling factor (e.g., powerRampingStepSf).
[bookmark: _Toc506040549][bookmark: _Toc506213146][bookmark: _Toc506231815][bookmark: _Toc506232032][bookmark: _Toc506233038][bookmark: _Toc506233359][bookmark: _Toc506479132]For prioritized random access the UE variable PREAMBLE_BACKOFF is set to the received BI multiplied with a scaling factor (e.g., backOffSf).
[bookmark: _Toc506040550][bookmark: _Toc506213147][bookmark: _Toc506231816][bookmark: _Toc506232033][bookmark: _Toc506233039][bookmark: _Toc506233360][bookmark: _Toc506479133]The scaling factor used for prioritized random access procedure may be configured in the RACH-ConfigDedicated using dedicated RRC signaling.
[bookmark: _Toc506213148][bookmark: _Toc506231817][bookmark: _Toc506232034][bookmark: _Toc506233040][bookmark: _Toc506233361][bookmark: _Toc506479134]The scaling factor for powerRampingStep takes values in the range {1, 1.5, 2, 3}.
[bookmark: _Toc506040551][bookmark: _Toc506213149][bookmark: _Toc506231818][bookmark: _Toc506232035][bookmark: _Toc506233041][bookmark: _Toc506233362][bookmark: _Toc506479135]The scaling factor for backoff takes values from 0 to 1.
Text proposal on the MAC spec
[bookmark: _Toc502437791]5.1.1	Random Access procedure initialization
RRC configures the following parameters for the Random Access procedure:
-	prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;
-	preambleReceivedTargetPower: initial Random Access Preamble power;
-	preambleReceivedTargetPowerBFR: initial Random Access Preamble power for beam failure recovery request using contention-free Random Access Preamble;
-	rsrp-ThresholdSSB: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;
-	csirs-Threshold: an RSRP threshold for the selection of CSI-RS and corresponding Random Access Preamble and/or PRACH resource;
-	sul-RSRP-Threshold: an RSRP threshold for the selection between the normal carrier and the SUL carrier;
-	preamblePowerRampingStep: the power-ramping factor;
-    powerRampingStepSf:  the additional power-ramping scaling factor for prioritized random access procedure
-    backOffSf: the additional scaling factor for prioritized random access procedure
-	preamblePowerRampingStepBFR: the power-ramping factor for beam failure recovery request using contention-free Random Access Preamble;
-	ra-PreambleIndex: Random Access Preamble;
-	preambleTxMax: the maximum number of Random Access Preamble transmission;
-	preambleTxMaxBFR: the maximum number of Random Access Preamble transmission for beam failure recovery request using contention-free Random Access Preamble;
[bookmark: _Toc502437793]5.1.3	Random Access Preamble transmission
The MAC entity shall, for each Random Access Preamble:
1>	if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and
1>	if the notification of suspending power ramping counter has not been received from lower layers; and
1>	if SS block selected is not changed (i.e. same as the previous Random Access Preamble transmission): 
2>	increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
1>	if a contention based Random Access preamble for handover or a Random Access Preamble for beam failure recovery request is triggered for transmission:
2>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep × powerRampingStepSf;
1>	else:
21>	set PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep;
1>	except for contention-free Randon Access Preamble for beam failure recovery request, compute the RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted;
1>	instruct the physical layer to transmit the Random Access Preamble using the selected PRACH, corresponding RA-RNTI (if available), PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14 × t_id + 14 × X × f_id + 14 × X × Y × ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < X), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < Y), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for normal carrier, and 1 for SUL carrier). The values X and Y are specified in TS 38.213 [6].
[bookmark: _Toc502437794]5.1.4	Random Access Response reception
Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:
1>	if 'multiple Random Access Preamble transmission' has been signalled:
2>	start the ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the first Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is running.
1>	else if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	start the ra-ResponseWindowBFR at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while ra-ResponseWindowBFR is running.
1>	else:
2>	start the ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;
2>	monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.
1>	if notification of a reception of a PDCCH transmission is received from lower layers; and
1>	if PDCCH transmission is addressed to the C-RNTI; and
1>	if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>	consider the Random Access procedure successfully completed.
1>	else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2>	if the Random Access Response contains a Backoff Indicator subheader:
3>	if a contention based Random Access Preamble for handover, or a Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
4>	set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1, multiplied with backOffSf.
3>	else:
43>	set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.
2>	else:
3>	set the PREAMBLE_BACKOFF to 0 ms.
2>	if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):
3>	consider this Random Access Response reception successful.
2>	if the Random Access Response reception is considered successful:
3>	if the Random Access Response includes RAPID only:
4>	consider this Random Access procedure successfully completed;
4>	indicate the reception of an acknowledgement for the SI request to upper layers.
3>	else:
4>	if 'multiple Random Access Preamble transmission' has been signalled:
5>	stop transmitting remaining Random Access Preambles, if any.
4>	apply the following actions for the Serving Cell where the Random Access Preamble was transmitted:
5>	process the received Timing Advance Command (see subclause 5.2);
5>	if a contention based Random Access Preamble for handover or a Random Access Preamble for beam failure recovery request was transmitted by the MAC:
6>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep × powerRampingStepSf;
5>	else:
65>	indicate the preambleReceivedTargetPower and the amount of power ramping applied to the latest Random Access Preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) × preamblePowerRampingStep).
5>	if the Serving Cell for the Random Access procedure is SRS-only SCell:
6>	ignore the received UL grant.
5>	else:
6>	process the received UL grant value and indicate it to the lower layers.
4>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:
5>	consider the Random Access procedure successfully completed.
4>	else:
5>	set the TEMPORARY_C-RNTI to the value received in the Random Access Response;
5>	if this is the first successfully received Random Access Response within this Random Access procedure:
6>	if the transmission is not being made for the CCCH logical channel:
7>	indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission.
6>	obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>	if ra-ResponseWindow expires, and if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received; or:
1>	if ra-ResponseWindowBFR expires and if the PDCCH addressed to the C-RNTI has not been received:
2>	consider the Random Access Response reception not successful;
2>	increment PREAMBLE_TRANSMISSION_COUNTER by 1;
2>	if PREAMBLE_TRANSMISSION_COUNTER = preambleTxMax + 1:
3>	if the Random Access Preamble is transmitted on the SpCell:
4>	indicate a Random Access problem to upper layers.
3>	else if the Random Access Preamble is transmitted on a SCell:
4>	consider the Random Access procedure unsuccessfully completed.
2>	if in this Random Access procedure, the Random Access Preamble was selected by MAC among the contention-based Random Access Preamble:
3>	select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
3>	delay the subsequent Random Access Preamble transmission by the backoff time.
2>	perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
HARQ operation is not applicable to the Random Access Response transmission.

Text proposal on the RRC spec
RACH-ConfigDedicated
The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.
RACH-ConfigDedicated information element
-- ASN1START
-- TAG-RACH-CONFIG-DEDICATED-START

-- FFS_Standlone: resources for msg1-based on-demand SI request

RACH-ConfigDedicated ::=		SEQUENCE {
	-- Resources for handover to the cell
	cfra-Resources					CFRA-Resources, 
	-- Subcarrier spacing for msg1 for contention-free RA procedure for handover
	-- FFS_CHECK: How does it then work for PDCCH ordered CFRA? In that case the UE does not have RACH-ConfigDedicated!
	cfra-msg1-SubcarrierSpacing					SubcarrierSpacing,
	-- Subcarrier spacing for msg2 for contention-free RA procedure for handover
	-- FFS_CHECK: How does it then work for PDCCH ordered CFRA? In that case the UE does not have RACH-ConfigDedicated!
	cfra-msg2-SubcarrierSpacing			SubcarrierSpacing,
	powerRampingStepSf				ENUMERATED {n1, n1dot5, n2, n3},
	backOffSf							ENUMERATED {n0, n0dot25, n0dot5, n0dot75, n1}
}

CFRA-Resources ::= 					CHOICE {
	cfra-ssb-ResourceList				SEQUENCE (SIZE(1..maxRA-SSB-Resources)) OF CFRA-SSB-Resource,
	cfra-csirs							SEQUENCE {
		cfra-csirs-ResourceList				SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
		cfra-csirs-DedicatedRACH-Threshold	RSRP-Range
	}
}

CFRA-SSB-Resource ::= 			SEQUENCE {
	ssb								SSB-Id,
	ra-PreambleIndex				INTEGER (0..63),
	-- 	PRACH configuration for SSB configuration (i.e. time and frequency location)
	ra-Resources					RA-Resources -- Definition FFS
}

CFRA-CSIRS-Resource ::= 		SEQUENCE {
	csi-RS							NZP-CSI-RS-ResourceId, -- FFS where the CSI-RS are defined (e.g. MO)
	ra-PreambleIndex				INTEGER (0..63),
	-- 	PRACH configuration for CSIRS configuration (i.e. time and frequency location)
	ra-Resources					RA-Resources -- Definition FFS
}


Conclusion
Based on the discussion in section 2 we make the following observations and propose the following:
Observation 1	Using the same set of RA parameters for prioritized RA procedure simplifies the MAC procedures.
Observation 2	Use the same signaling means for prioritized random access as for non-prioritized random access.

Proposal 1	For prioritized random access procedure MAC uses the same parameter powerRampingStep as for non-prioritized random access procedure.
Proposal 2	For prioritized random access procedure MAC uses the same UE variable PREAMBLE_BACKOFF as for non-prioritized random access procedure.
Proposal 3	The powerRampingStep used for prioritized random access procedure is determined as the powerRampingStep used for non-prioritized random access procedure multiplied with a scaling factor (e.g., powerRampingStepSf).
Proposal 4	For prioritized random access the UE variable PREAMBLE_BACKOFF is set to the received BI multiplied with a scaling factor (e.g., backOffSf).
Proposal 5	The scaling factor used for prioritized random access procedure may be configured in the RACH-ConfigDedicated using dedicated RRC signaling.
Proposal 6	The scaling factor for powerRampingStep takes values in the range {1, 1.5, 2, 3}.
Proposal 7	The scaling factor for backoff takes values from 0 to 1.
[bookmark: _In-sequence_SDU_delivery]
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